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ABSTRACT 
Although it is conceded that an adequate supply of water is essential to economic growth 
and development, what constitutes an "adequate" supply is often controversial and difficult to 
determine. This problem can be solved by applying basic economic concepts: determining the 
value of water by estimating its supply and demand. This report demonstrates one method for 
doing this. 
The theory of the demand for irrigation water and its empirical application are discussed. An 
example problem based on data from one of the sub-regions of the study area (the Jordan River 
Basin of Utah) is presented to illustrate the method. The example problem is solved under alter-
native assumptions and constraints to demonstrate the sensitivity of the estimated demand for 
irrigation water to various assumed parameters. 
Input-output relationships of the production and other activities in each of four sub-regions 
are estimated using agricultural budgets. These are combined in a linear programming (LP) model 
for ease of computation. Constraints account for rotation possibilities and resource use. Primary 
resource inputs include land (by productivity class in each sub-region) and irrigation water. 
The primal problem is one of resource allocation to utilize the available supplies of water 
and land to maximize net return. The dual LP problem is one of resource valuation and assigns 
shadow prices to the resources. Parametric solution of the dual at varying levels of water avail-
ability estimate the relationship between the quantity of water and its economic value, or a 
demand function. 
The dual of the LP problem representing irrigation possibilities in the Jordan River Basin is 
solved at each basis change as the availability of water is varied. Diverted water is valued at a 
maximum of approximately $14 per acre-foot. Consumptively used it has a maximum value of 
over $36. At present levels of irrigation diversions the shadow price falls to less than $3 for 
diverted water or $6 for consumptively used water. 
Supply functions for irrigation and municipal and industrial (M & I) water uses are estimated 
by using a previously developed LP model. Lower bounds are placed on wetland diversions and 
basin outflow. Both M & I and irrigation diversions are varied to determine their shadow prices at 
all feasible levels of water supply without increasing imports. The estimated cost of supplying M & 
I water varies from under $70 to over $236 per acre-foot. The cost of supplying irrigation water 
varies from $.52 to over $112 per acre-foot. 
The optimal allocation of resources is estimated by combining the supply and demand 
models into a single LP problem. (A graphical solution is also presented.) M & I diversions are set 
at estimated 1965 levels and parametrically increased. Additional M & I diversions are met through 
a slight reduction in irrigation diversions and by developing groundwater and recharging ground-
water aquifers. The model indicates that more than double current M & I diversions can be 
supplied in this manner with little or no reduction in irrigation use. 
It is concluded that there is sufficient water within the Jordan River Basin to satisfy M & I 
needs through at least 1990 if not to 2010 (depending on how fast M & I demand grows), even if 
irrigation diversions were maintained at 1965 levels. Additional inter-basin transfers are not an 
economical source of water now or in the foreseeable future. Both transfers from irrigation and 
development within the basin appear to be more optimum methods of meeting increased M & I 
demands. This is neither exotic nor technologically difficult (and should be studied in greater 
detail) but it does appear to be a much cheaper solution to the Jordan River Basin's impending 
water problem than inter-basin transfers. 
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CHAPTER II 
THE JORDAN RNER HYDROLOGIC AREA 
The region studied is the J or~an River hydrologic 
area of Utah. (Information is based on Austin and Skoger-
boe, 1970; Bagley et aI., 1963; Hyatt et aI., 1969; USBR, 
1964a.) Utah is a semiarid area in which little water is 
available at the right time and in the right place for bene-
ficial use. Most precipitation occurs at high elevations and 
must be transferred in time (from wet to dry season) and 
space for irrigation and urban beneficial uses. Much of the 
state is barren or mountainous, arable acreage constituting 
less than 13 percent of the total land area. Some of the 
arable land is suitable for dry farming, but over 60 percent 
of the arable, non-irrigated land is limited to production 
of range without irrigation water. 
Water resource developments have played an im-
portant role in the state since it was first settled. Water 
was diverted for irrigation in 1847 when the Salt Lake 
Valley was first settled, and the first reservoir to collect 
and store spring runoff for summer irrigation was con-
structed over 100 years ago. Many developments have 
occurred during the last century to meet growing demands 
for water for urban and irrigation needs, and further 
developments are possible. 
Interstate compacts and agreements have assured 
the State of Utah sufficient water supply in total well into 
the future, but there are shortages in some regions. Utah's 
allocation of the Colorado River is 1.7 million acre-feet 
per year. At the present time less than half of this is used. 
Demand for water within the Colorado River Basin in 
Utah is relatively small at present and further develop-
ments there are limited in the near future. There is neither 
a significant amount of highly productive arable land not 
already being irrigated nor a burgeoning population or 
growing industry needing additional water. These ele-
ments do exist in the Jordan River Basin where significant 
increases in M & I demand for water are expected, but 
there is little surface water remaining to be developed 
there. It is possible to import additional water from the 
Colorado River Basin but it is expensive to do so. A major 
problem facing state water resource planners is whether or 
not the amount of water transferred to the Great Basin 
should be increased. 
If additional water were transferred from the Colo-
rado River Basin to the Great Basin, the region most likely 
to need additional water would be the Jordan River area. 
This region encompasses virtually all of Salt Lake and 
Utah Counties, most of Wasatch County, and part of Juab 
County in north central Utah. It includes almost 60 per-
3 
cent of the state's over one million people and approxi-
mately 70 percent of its industry, although it includes less 
than 10 percent of the state's arable land. Included in the 
region is Salt Lake City and the Provo-Orem standard 
metropolitan statistical area. A major portion of the 
state's non-agricultural industry lies between Salt Lake 
City and Provo. 
The region contains an estimated 521,300 acres of 
arable land of which 224,600 acres are presently irrigated. 
The principal irrigated lands are in Utah Valley and south-
ern Salt Lake County with additional areas near Heber 
City and in Cedar and Goshen Valleys (west and south-
west of Utah Lake) and northern Juab Valleys. (See Fig-
ure 1.) Substantial additional acreage, more distant from 
natural supplies, could be irrigated--primarily in Cedar and 
Goshen Valleys and southwestern Salt Lake County. The 
potentially irrigable land in northern Juab Valley is suit-
able for dry farming while the non-irrigated land in Gosh-
en and Cedar Valleys is uncultivated because of scant rain-
fall. 
The climate is considerably varied in different parts 
of the region and consequently so is land use. The arable 
lands at the higher elevations (Heber-Francis and Thistle) 
have short growing seasons of only 80 to 100 days while 
Goshen, Cedar, and Juab Valleys have frost-free periods 
from 115 to 130 days. Jordan and Utah Valleys have 
frost-free periods from 120 to 160 days with even longer 
growing seasons in the bench lands along the Wasatch 
front. 
Mean annual rainfall varies from less than 10 inches 
at Wi near Utah Lake to over 60 inches in the moun-
tains. Most of the moisture precipitates at higher eleva-
tions; over two-thirds of it during the non-growing season. 
Of an estimated rainfall of 3.3 million acre-feet the annual 
yield is only 1.1 million acre-feet. Of the estimated 
980,000 acre-feet of surface water and 91,700 acre-feet of 
I groundwater which could be used, over half is lost 
through phreatophyte consumption and water surface 
evaporation. Net beneficial use for M & I and irrigation 
(ndt including in place evapotranspiration of precipita-
tion) is 402,900 acre-feet per year. 
Beneficial use of water has necessitated the con-
struction of numerous reservoirs, many being relatively 
small with only a few hundred acre-feet of storage capac-
ity. Federal projects constructed since the 1930's have 
been larger. The amount of storage capacity is 416,000 
\ , 
\ 
LOCATION MAP 
Figure I. Jordan River hydrologic area. 
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acre-feet iwithin the region itself, of which 220,000 acre-
feet is stored in Utah Lake. Potential reservoir storage 
capacity is estimated in excess of 1,000,000 acre-feet. 
The region's natural source of water is the Uintah 
and Wasatch Mountains to the east. Several small streams 
flow into the Provo River in the Heber Valley, which then 
flows west through the Wasatch Mountains and drains into 
Utah Lake near Provo. The Spanish Fork River, American 
Fork River, and Hobble Creek as well as Salt Creek which 
originates in northern Juab Valley, flow into the southern 
end of the lake. The Jordan River carries water from Utah 
Lake north through the western part of Salt Lake City 
and drains into the Great Salt Lake. Several small streams 
along the Wasatch front are tributaries to the Jordan 
River. 
The Bonneville Unit of the U.S. Bureau of Reclama-
tion Central Utah Project involves the construction or en-
largement of several dams, canals, and aqueducts. 
ApproXimately 136,000 acre-feet of additional Colorado 
River Basin water will be transferred to the Great Basin to 
be used for irrigation and M & I uses in the Jordan River 
area. The initial phase of the project will cost in excess of 
$300 million. 
The ultimate phase of the Central Utah Project 
would divert water from Flaming Gorge Reservoir for use 
5 
in the Uintah Basin and to replace water diverted for use 
in the Great Basin. The entire project involves direct and 
indirect transfers of water over 1 SO miles. In excess of 
300,000 acre-feet would be transferred to the Jordan 
Basin. This would require construction of canals, aque-
ducts, and tunnels through some of the most rugged 
terrain in the state. Whether or not such extensive trans-
fers can be economically justified should be carefully 
examined. 
Water resource planning for an optimal allocation of 
water and water-related resources necessitates considera-
tion of alternative ways of satisfying growing demands for 
water. Alternative sources such as transferring water from 
the Bear River and development of groundwater should be 
considered. Present supplies can be allocated in a more 
optimal fashion by metering water and charging a price 
more in line with true alternative costs. M & I water may 
be supplied more economically by irrigation transfers than 
from inter-basin transfers. This may necessitate changing 
laws and institutions to bring about such changes. Finally, 
it is possible to be more efficient in using present supplies 
by lining canals and ditches to reduce phreatophyte con-
sumption. For example, if phreatophyte consumption 
were cut in half the beneficial supply would be increased 
by more than the proposed increase due to the comple-
tion of the entire Central Utah Project. 

.. 
CHAPTER III 
THE DEMAND FOR IRRIGATION WATER 
Theoretical Discussion 
The demand for irrigation water is a derived 
demand--derived from the demand for the crops pro-
duced. Other determinants are the production functions 
of the various crops and the prices of other inputs (land, 
fertilizer, labor, capital). Production functions logically 
depend on soil characteristics (texture, permeability, avail-
able nutrient capacity, depth of soil), topography, and 
climate (precipitation, length of growing season, tempera-
ture, sunlight). (See Bain, Caves, and Margolis, 1966, pp. 
163-178.) Given measures of the relevant parameters it is 
possible to estimate a production function of the relation-
ship between water use and yield for each of several crops. 
Estimated production functions together with prices of 
the various inputs and outputs would determine a value of 
net product or response function. 
Seasonal response functions for several hypothetical 
crops are illustrated in the top part of Figure 2. The net 
value of total product per acre is plotted on the ordinate, 
and the level of irrigation water applied on the abscissa. It 
is assumed that the quantity of other inputs is adjusted so 
that the net value of total product per acre is a maximum 
for each crop for any quantity of water. 
The pertinent questions facing the farmer-
entreprenuer in the situation depicted in Figure 2 are (1) 
which crop or crops to plant and (2) what level of water 
to apply to each crop. If no irrigation water is available 
the only alternative is the crop represented by TNP I 
which yields a return of ~A. As irrigation water is made 
available in increasing amounts it could be applied to crop 
1 but the net return is small as shown by the net value 01 
marginal product per acre VM~ in the lower part of the 
figure. For example, if a level of Op units of water were 
available, crop 1 could be irrigated at this level with a 
return of VI or crop 2 irrigated with a return of V2 . The 
latter is more profitable as is shown in the figure. An even 
more profitable alternative is to plant only a fraction of 
the acreage to crop 2 and to irrigate at the level Oq, 
planting the remainder to crop 1 with no irrigation. This 
would yield a net return of V3 which is larger than V 2 . 
As the amount of water available is increased to Oq 
per acre the optimal approach is to plant more of crop 2 
and less of crop 1, with no irrigation water on crop 1 and 
Oq per acre on crop 2. With water available between Oq 
and Or per acre only crop 2 is engaged in and with higher 
and higher levels of irrigation water applied. When the 
7 
level of water available reaches Or the value of irrigation 
water falls to rc and crop 3 is brought into activity. 
The value of (or demand for) irrigation water is the 
curve abcdefg in the lower part of Figure 2. It is derived 
from the convex response surface OABCDEFG in the 
upper part of the figure. (The net value of marginal 
produce curve, VM~ ,is the first derivative or slope of the 
respective net value of total product, TNPi ' in the upper 
part of the figure.) The horizontal segments of the de-
mand curve represent combinations of different crops 
with a fixed level of water applied to each crop. The 
non-horizontal segments represent a single crop at varying 
levels of application. Only the latter are relevant in the 
usual meaning of a demand curve in which quantity is a 
function of price and a farmer is able to purchase anYI 
quantity of water at a particular price. The horizontal 
segments are applicable in the situation in which a farmer 
has a given quantity of water (a water right) and the ques-
tion is how much should be applied to each of several 
crops . 
This illustration shows how the demand for water' 
can be derived from several production functions. 
Empirical estimation of production functions is difficult .. 
(See Dawson, 1957, and comments.) There are many 
factors influencing the relationship between water use and 
crop yield and obtaining accurate measurements of the 
relevant parameters over a wide enough range for 
statistical inference is a tedious and expensive task. 
Regional analysis using such an approach would necessi-
tate various estimates of production functions for several 
crops in each of several sub-regions to account for their 
different climatic conditions and soil characteristics. Since 
reliable data are not available to make such a study, the 
cost of such an approach is prohibitive as well as imprac-
tical. 
An alternative is to approximate a response function 
for several relevant points from which a demand curve can 
be derived. Response functions can be approximated by 
considering only one or two water levels for each crop. 
Many crops have a narrow range of water application 
implying that the value of marginal product falls quickly 
above what would be considered a normal or average 
water requirement. For such crops a single water level-
yield combination would measure the response function 
with a reasonable degree of accuracy. For those crops 
which are tolerant of water- -sJiortages~- oiher levels' of 
water use (and associated yields), should be considered. 
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Figure 12. Hypothetical marginal productivity function for irrigation water, allowing for crop substitution. 
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This approach is logical in water resource planning since 
the decision facing the farmer (in the long run) with a 
given supply of water is more often which crops to plant 
than how much water to apply to a particular crop . 
There is evidence that the evapotranspiration-crop 
yield relationship is virtually linear in the relevant range 
for several crops including alfalfa, corn, and grain (Stewart 
and Hagan, 1969). This implies that a single water level 
and yield for crops other than alfalfa would be a logical 
approach. Alfalfa would need more than one water level 
because of the possibility of raising a different number of 
crops or cuttings in a single year. 
Example Problem 
The approach used herein as well as the implications 
of some critical assumptions may best be illustrated with 
an example problem. This problem is a simplified version 
of the model developed below in that it is limited to land 
of a single capability class (class I land in Utah County). 
Much of what is said here in explaining the example 
problem pertains to the remainder of the Jordan River 
hydrologic area. 
The crops considered include alfalfa with full (3 
crops) and partial (2 crops) supplie~ of water, barley, 
nurse crop, corn silage, sugar beets, and dry-land wheat. 
Estimated yields, costs, and water use result in the follow-
ing net return-water use combinations: 
Crop Code Ne"t Return Consumptive 
$/acre Water Use 
(ft) 
Alfalfa-full F 55.70 2.0 
Alfalfa-partial P 44.90 1.2 
Barley B 47.40 1.0 
Nurse Crop N 31.40 1.5 
Corn Silage C 57.00 1.3 
Sugar Beets S 116.20 1.7 
Wheat W 9.85 
The net return is to both water and land. It does not 
include any taxes on the land. Water use is potential con-
sumptive evapotranspiration in feet. An irrigation system 
efficiency of 0.3891 is assumed--Le., for each foot di-
verted from a river or reservoir only 0.3891 is beneficially 
used by the plant. (The system efficiency number is 
carried to four decimal places in order to agree with other 
estimated parameters in the basin (Clyde, King, and 
Andersen, 1971).) 
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Only dry-land wheat may be grown alone. All other 
crops must be grown in rotation. The basic rotation con-
straints are as follows (alfalfa is represented by A = F + 
P): 
1 ) A ~ B 
2) B ~ N 
3) A ~ 5N 
4) A + B+N > 7S 
5) A+B+N > 7C 
Alfalfa is limited to a maximum of five years in succes-
sion, when it must be rotated with at least one (but not 
more than five) years of barley and a nurse crop. Corn 
silage and sugar beets are limted to one-eighth of the 
acreage; the two together are limited to two-ninths of the 
total acreage. 
These constraints allow numerous combinations of 
the several crops. All feasible combinations are not rele-
vant from an economic standpoint. In fact only five com-
binatio"ns in addition to wheat are relevant, given the 
assumptions above. These are listed as Case I in Table 1 
and are the corners of the convex response function I in 
Figure 3. All other combinations are either below the sur-
face or on an edge between the corners. 
The adjustments made in the cropping pattern as 
"irrigation water is made available in larger amounts can be 
found by examining the data in Table 1. With no irriga-
tion water only dry-land wheat is raised with a net return 
of $9.85. As irrigation water is made available, wheat is 
decreased and a rotation with the maximum amount of 
barley and sugar beets is increased. The rotation has a net 
return of $53.73 and each acre-foot of diverted water is 
worth $14.15. (It is worth $14.15/.3891 = $36.36 an 
acre-foot consumptively used.) Land has a shadow price 
of $9.85 per acre. 
When 3.10 acre-feet per acre are diverted wheat is 
dropped from the cropping pattern. As irrigation diver-
sions are between 3.10 and 3.13 acre-feet per acre, corn is 
included in the rotation and water is valued at $13.64 per 
acre-foot. Alfalfa is irrigated fully as more water is made 
available. Each additional acre-foot of water increases net 
return $5.25 between 3.13 and 3.86 per acre. Beyond 
3.86 barley is decreased and alfalfa increased until 4.43 
acre-feet. Additional water is only worth $1.80 in this 
range and then drops to $1.79 in the range from 4.43 to 
4.56 acre-feet where corn is dropped from the cropping 
IBttern. 
The marginal value of (or demand for) water is r 
equivalent to the slope of the response surface and is, 
listed in Table 1 and illustr~ted in Figure 4. The maximum 
Table 1. Solutions to example problem. 
Proportion of Acreage Planted to Each Crop 
W F P 
CASE I: Ge;rernl Problem 
B N C 
1.000 
.398 .398 .080 
.354 .354 .071 .111 
.354 .354 .071 .111 
.556 .111 .111 .111 
.625 .125 .125 
CASE II: No Corn Silage or Sugar Beets 
1.000 
.454 .454 .091 
.454 .454 .091 
.714 .143 .143 
CASE III: Sugar Beets ~ 0.04, Corn Silage ~ 0.06 
1.000 
.680 .127 .127 .025 
.640 .118 .118 .024 .060 
.480 .191 .191 .038 .060 
.409 .409 .082 .060 
.409 .409 .082 .060 
.643 .129 .129 .060 
a profit-maximizing farmer would be willing to pay for 
diverted water is $14.15 per,acre-foot. The minimum of 
course falls to zero when sufficient water is supplied to 
irrigate all land at the level indicated by the last rotation. 
(Although more water intensive rotations are possible 
their net return is less than $59.19.) 
The estimated demand function is valid insofar as 
the assumptions from which it was derived hold true. 
From a theoretical viewpoint, if the estimated response 
surface approximates the real world possibilities of 
production then the demand curve would be valid. How 
closely the response function approximates the actual 
situation depends on the accuracy of the data employed--a 
matter which is always subject to question. This matter is 
discussed in the following section. 
10 
Shadow Prices 
Net Water 
S Return Use Water Land 
$ ft --
9.85 $/ac-ft $/acre 
14.15 9.85 
.125 53.73 3.10 
13.64 11.42 
.111 54.10 3.13 
5.25 37.66 
.111 57.91 3.86 
1.80 50.96 
.111 58.94 4.43 
1.79 51.01 
.125 59.19 4.56 
9.85 
11.97 9.85 
44.81 2.92 
5.25 29.47 
49.72 3.86 
1.80 42.76 
51.04 4.59 
9.85 
14.15 
.040 23.89 .99 
14.11 9.85 
.040 25.78 1.13 
12.27 9.85 
.040 31.62 1.60 
11.97 9.85 
.040 48.40 3.00 
5.25 29.47 
.040 52.81 3.84 
1.80 42.76 
.040 54.01 4.51 
It may be well to consider the impact of changing a 
particular parameter, whether a yield or the price of an 
input or outP"llt. Generally relative values are more im-
porta:t;lt than absolute levels and what is significant is if 
one value changes relative to another. 
The budgets from which the input-output coeffi-
cients were derived indicated that both corn and sugar 
beets were highly profitable. The impact of lowering the 
high net return of these two activities (whether 'by lower-
ing their prices or yields or increasing their costs) can be 
seen by dropping them from the rotations. This is Case II 
in Table 1 and illustrated in Figures 3 and 4. The response 
functions shift down reducing the value of water below 
levels of approximately 3 acre-feet per acre. There is 
virtually no effect on demand at higher levels of water use 
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or where the shadow price is below $10. per acre-foot. 
Similar results are obtained when either corn or sugar 
beets alone are eliminated, although it is not illustrated. 
Case III illustrates the solution where corn and sugar 
beets are limited to 4 percent and 6 percent respectively 
of the total acreage. The acreage planted to these crops is 
actually limited in some land classes. This is discussed in 
the following section. 
Changing the net return on wheat shifts the inter-
section of the response function with the ordinate axis. 
Increasing its price or yield raises the point of intersectioN 
thereby lowering the initial slope and hence the initial 
value of water (the intersection of the demand curve with. 
the ordinate axis). Again this does not change the demand 
for water at higher levels of water use or lower shadow 
prices. 
These examples are meant to illustrate the impact of 
changing an assumed price or yield. Changes in other para-
meters would have an impact although it is difficult to 
make generalizations. Raising the assumed agricultural 
wage rate would tend to lower the response surface but 
more so for the more water intensive crops since they 
tend to be more labor intensive too. (Reducing the wage 
to half the assumed level is shown as Case IV in Figures 3 
and 4.) Altering the water use would shift the corners of 
the curves and would likewise shift the demand curve to 
the right or left and lower or raise its value. As these 
changes are made it is possible that some rotations will 
enter or leave the group of profitable activities. Again it is 
difficult to make generalizations. 
Changing the rotation constraints would also alter 
the conclusions. If the more profitable crops were allowed 
more often (or for more years) it would shift the kinks of 
the response function up and to the right or left. This 
would also shift the demand curve. The rotations assumed 
are in the range of what is advisable. Obviously this is 
subject to question. However, if a particular crop were 
grown additional years in succession its yield would fall 
and the impact on the assumed relationships could be 
inconsequential. 
The numbers employed in the input-output rela-
tions are based on as accurate data as were available. The 
accuracy of many estimates was questioned, but a general 
concensus was obtained by consulting with numerous 
knowledgable people. Benefit of the doubt was given to 
the more optimistic estimates and predictions. It is 
acknowledged that the estimates could be wrong, but if so 
it is most likely on the high side. This being the case 
irrigation water would be worth less than estimated. 
The Linear Programming Model 
The approach of this study is basically the same as 
that just discussed. Additional activities are included to 
account for the different land capability classes in the 
13 
various subregions. Linear programming is employed to 
facilitate the computations. The result is the same as if 
crop activities showing net return and water use were 
combined to determine crop rotations. The different 
combinations of 52 different crop activities would be 
difficult as would the horizontal summation of 17 differ-
ent demand curves. 
The prices and input-output relations used are 
estimated for the year 1980. Basically they are projections 
of past trends (Daly and Egbert, 1966; Pacific Southwest 
Inter-Agency Committee, 1971a). Recent environmental 
concern would tend to lower these trends if fertilizer and 
pesticide uses were curtailed, but this was not considered 
for these predictions. Productivity increases will more 
than likely be smaller than those estimated here. 
The basic model in matrix form is as follows: 
Maximize: p = cx 
Subject to: Ax ..: b 
x ~ a 
The model may best be understood by partitioning 
the matrix and vectors as illustrated in Figure 5. (Those 
segments missing from the illustration have zero coeffi-
cients.) 
The vector c 1 and matrix A 11 represent selling 
activities where each unit of production is converted to its 
dollar value. This approach allows greater latitude in 
examining possible changes in prices. The prices used were 
based on projections of recent prices in the region 
(Christensen and Richards, 1968) as well as those used by 
the U.S. Bureau of Reclamation (USBR, 1964c). The 
,rices used are as follows: 
Crop Unit Price. 
Alfalfa Ton $25.0.0.· 
Barley Bushel 1.20. 
Sugar beets Ton 16.0.0. 
Corn silage Ton 8.0.0 
Pasture Animal Unit Month 4.0.0. 
Wheat Bushel 1.35 
Production activities and their associated costs were 
divided into average and variable segments. Variable costs 
include those that vary with the number of irrigations and 
cuttings (of alfalfa) in addition to those that vary )Vith 
yield. Variable costs are represented by c2 , the associated 
activities by A 12 (Figure 5). The costs used are listed in 
Table 2. 
The production activities A 13 make up the bulk of 
the matrix. The inputs, outputs, and average or fixed costs 
(c 3) of the various activities are listed in Tables 2 and 3. 
The submatrix A23 is a vector of water require-
ments for the various activities. Potential consumptive use 
for each of the crops in each of the sub-regions was 
estimated using the revised Blaney-Criddle method. (See 
SCS, 1967, and Criddle, Harris, and Willardson, 1962.) 
Estimated effective precipitation and supply from soil 
moisture storage was deducted from potential con-
sumptive use following the method of the Soil Conserva-
tion Service to estimate a net consumptive irrigation 
requirement for each crop (see Table 3). Availability of 
water is represented by b2 . 
Input of land into the various activities is 
represented by A33 . The quantity of presently irrigable 
land represented by b3 is listed in Table 4. The costs of 
presently irrigated land were estimated to be $1 per acre 
for operation and maintenance (0 & M) of existing canals 
and distribution networks. Additional 0 & M costs are 
variable with the number of acre-feet and incorporated in 
the supply model discussed in the following chapter. 
Rotation constraints are represented by A43 . The 
basic constraints on rotations are the same as those dis-
cussed in the example problem. Neither corn nor sugar 
beets may be grown on class IV land. They were excluded 
from Wasatch County because of the cold climate at the 
high elevation. Sugar beets are also not considered in Juab 
County because virtually none is grown there today. 
"Product Pri ces \ V iable Costs \,ar 
cl , , c2 
All A12 
Selling j Variable j 
Activities' Activities 
Water Requ;"rements- ~ 
Corn and sugar beets are the two most profitable 
crops (per acre-foot as well as per acre) and consequently 
they would be brought into activity at the upper limit of 
their constraints. Solution of the LP problem resulted in a 
much higher acreage of these two crops relative to the 
others than occur in the Jordan River basin today. This 
situation can be explained by certain factors which were 
not completely accounted for in the budgets used to 
estimate the costs of the activities. 
Both are subject to crop failure from late spring and 
early fall frost. This is especially a problem with sugar 
beets because of heavy capital requirements. Other factors 
limiting its production are heavy seasonal labor require-
ments especially for thinning. The acreage of sugar beets 
in the basin has not been increasing and was not allowed 
to increase in the model. 
Corn silage on an extensive scale is a rather recent 
introduction in Utah, although its acreage is increasing 
rapidly. There would be an upper limit however as it is 
not a cash crop and is associated with livestock enter-
prises. It Was allowed to increase to approximately double 
the 1964 acreage. 
These factors necessitated placing upper bounds on 
the acreages of corn and sugar beets whenever the rotation 
\ Average Costs , c3 
A13 
Production 
Activities 
A23 
A33 
Land Inputs 
A43 
. Rotation 
Constrainls 
I 
Water 
Availability 
Land 
Availability 
Figure S. Diagrammatical representation of the linear programming model. 
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Table 2.1 Variable and average costs of production activities. 
Alfalfa Barley! Nurse Crop Corn Sugar Beets Pasture Wheat 
Hrs. $ Hrs. $ Hrs.: $ Hrs. $ Hrs. $ Hrs. $ Hrs. $ 
Ditching .125 .25 .125 .25 .125 .25 .125 .25 .125 .25 .125 .25 
Plow .665 5.67 .665 5.67 .665 5.67 .665 5.67 .125 1.50 
Harrow or Disk .400 2.40 .400 2.40 .400 2.40 1.435 7.93 .200 1.20 .100 1.20 
Level .335 2.33 .670 a 4.66 b .670 4.66 .670 4.66 
Plant and Seed .335 7.33 .335 11.33c .235 7.13 .235 5.46 .075 1.40 
Fertilize .125 1.25 .125 1.25 .125 .75 .125 1.25 .125 .90 .125 .35 .075 .35 
Fumigate .335 40.83 
Spray .170 2.16 .170 2.16 .170 2.75 .170 1.66 7.50d .75 
Cultivate .670 4.66 1.340 9.32 
Thin and Hoe 20.000 
Harvest .500 7.00 .500 7.00 2.25 14.50 .200 1.45 .125 1.75 
Fixed Cost 7.35 7.35 7.35 7.35 7.35 7.35 1.62 ( 
~ 
Total Average g 0.40 \ 11.00 2.70 35.70 3.00 e 41.90f S.OO 49.50 25.05 89.90 .65 13.00' 0.50' 8.:20 
Variable Cost 
per Unit of Yield 
Harvest and/or 1.6 3.8 .01 .03 .3 .80 .2 2.05 .015 .05 
Haul 
Fertilizer 1.0 .10 .75 .95 
Total J.6 4.80 .01 .13 1.65 .2 3.00 .015 .05 
a .335 in Wasatch d Herbicide applied when planting g Rounded to nearest $.10. 
b 2.33 in Wasatch e 2.70 in Wasatch 
c 6.70 in Was~tch f 34.90 in Wasatch 
constraint would not be binding. The bounds are as fol. Solution to Problem and Discussion of Resclts 
lows: 
County Land Class 
Salt Lake II 
III 
Utah I 
II 
W 
Juab II 
III 
Corn 
(acres) 
1,400 
4,800 
700 
300 
Sugar Beets 
(acres) 
1,000 
1,000 
1,800 
1,800 
1,000 
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The problem was set up to utilize the existing irri-
gated land. The full 224,600 acres of land was irrigated 
with 996,700 acre-feet of water or 4.44 acre-feet per acre. 
This is equivalent to 1.73 acre-feet per acre consumptively 
used. Above this level of water use additional water has ~o 
economic value, i.e., additional· water does not increase 
net return. 
The available water supply was then reduced para-
metrically with output of the level of water use and its 
shadow price at each basis change. When water use 
dropped to current diversion levels (196,700 acre-
feet/year) the value of diverted water increased to $2.46 
($6.33 consumptively used) with 186,100 acres irrigated. 
Class N land in Salt Lake, Utah, and Juab was not irri-
gated. 
As water availability is reduced further, fewer acres 
are irrigated and the value of irrigation water rises. When 
no water is available the value reaches $14.15 for diverted 
water or $36.36 for water consumptively used. 
The estimated demand curve is illustrate~ in Fi~re 
6. Least squares equations were fitted to the midpoints of 
each vertical segment of the curve. A linear function 
yielded an r 2 of 0.90: 
q 967.5 - 77.5p 
A quadratic equation with an r2 of 0.97 was: 
q 1212.0 - 171.9p + 6.2p 2 
Each of these curves is also plotted in the figure. 
Table 3. Irrigation requirement, cuttings, irrigation hours, and yields of production activities. 
County 
Salt Lake 
Utah 
Juab 
Wasatch 
Crop 
Alfalfa-fulla 
Alfalfa-partialb 
Barley 
Nurse Crop: Barley 
Alfalfa 
Corn 
Sugar Beets 
Pasture 
Wheat 
Alfalfa-full a 
Alfalfa-partialb 
Barley 
Nurse Crop: Barley 
Alfalfa 
Corn 
Sugar Beets 
Pasture 
Wheat 
Alfalfa-fuUa 
Alfalfa-partialb 
Barley 
Nurse Crop: Barley 
Alfalfa 
Corn 
Pasture 
Wheat 
Alfalfa-full C 
Alfalfa-partiata 
Barley 
Nurse Crop: Barley 
Pasture 
Pasture 
a Aftermath Yield .6 AUM Pasture 
b Aftermath Yield .9 AUM Pasture 
c Aftermath Yield .4 AUM Pasture 
d Class V L~nd 
Consumptive 
Irrigation 
Requirement 
(ac-ft) 
2.2 
1.3 
0.9 
1.6 
1.4 
1.9 
1.8 
2.0 
1.2 
1.0 
1.5 
1.3 
1.7 
1.7 
2.3 
1.3 
1.1 
1.7 
1.6 
2.0 
1.1 
0.7 
0.6 
0.8 
1.0 
Cuttings 
16 
3 
2 
3 
2 
3 
2 
2 
1 
1 
Irrig. 
Hrs. 
4.75 
3.25 
2.50 
3.25 
4.50 
10.00 
3.00 
4.75 
3.25 
2.50 
3.25 
4.50 
10.00 
3.00 
4.75 
3.25 
2.50 
3.25 
4.50 
3.00 
3.25 
1.75 
1.75 
2.50 
2.00 
5.1 
4.0 
90 
70 
1.0 
22 
22 
15 
5.1 
4.0 
90 
70 
1.0 
22 
22 
15 
II 
4.6 
3.6 
80 
65 
1.0 
18 
20 
14 
4.6 
3.6 
80 
65 
1.0 
18 
20 
14 
4.3 
3.2 
70 
55 
1.0 
17 
14 
Yield 
III 
4.0 
3.0 
60 
50 
1.0 
16 
17 
13 
4.0 
3.0 
60 
50 
1.0 
16 
17 
13 
3.7 
2.7 
55 
45 
1.0 
14 
13 
3.3 
2.1 
50 
40 
1 
IV 
3.3 
2.5 
45 
35 
1.0 
3.3 
2.5 
45 
35 
1.0 
2.8 
2.1 
45 
35 
1.0 
2.3 
1.5 
40 
30 
1 
8 
, 
Table 4. Presently Urigated and arable land. 
County 
Land 
Class 
Presently 
Irrigated 
Land 
(acres) 
Salt Lake 
Utah 
Juab 
Wasatch 
I 
II 
III 
IV 
V 
I 
II 
III 
IV 
V 
II 
III 
N 
V 
III 
N 
V 
7,500 
9,200 
20,300 
11,000 
4,000 
10,000 
43,300 
46,400 
_~6,300 
4,000 
6,400 
5,400 
1,200 
1,400 
16,300 
9,100 
2,800 
The coefficient of elasticity! may be calculated from 
either of these curves. At present levels of water use the 
coefficient is between -0.2 and -0.4, the latter derived 
from the quadratic function. The relatively inelastic 
demand· is what would be expected given the economic 
structure and conduct of the water supply industry. 
lCoefficient of elasticity n = dq/dp . p/q where dq/dp is the 
fust derivative. 
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The value and elasticity of demand determines the 
benefits of increasing the supply of water as well as the 
cost of a lower irrigation supply. The relatively low value 
indicates that an additional acre-foot would yield benefits 
of only $2.46. The value of water declines as water is 
increased, and increases as it is decreased. Actual changes 
in benefits can be obtained by finding the area under the 
demand curve between any two levels of water use. 
A similar demand curve could be obtained for 
potentially irrigable land. This was not done becau&e a 
preliminary analysis indicated it would be uneconomical 
to irrigate new land. The maximum value of irrigation 
water was estimated to be $15 per acre-foot, less than $45 
per acre. The cost of bringing new land under irrigation, 
including land clearing and construction of a distribution 
system, would exceed this if the increased taxes from 
higher land values were added. The distribution network 
in Elberta and Mosida in southern Utah County alone was 
estimated to be from $571 to over $720 per acre accord-
ing to estimates of the Bureau of Reclamation in the early 
1960's (USBR, 1964b). If this were amortized even at 5 
percent for 50 years the cost would be in the neighbor-
hood of $50 per acre. If pumping and maintenance costs 
were added, irrigation of this land is not even close to 
being economically feasible. 
In Salt Lake County the supply of irrigable land is 
being depleted rapidly by urban growth. In projecting 
over time it did not seem practical to consider develop-
ment of new land for irrigation there. 
It appeared that the significant question was how 
much less would be irrigated rather than how much more 
could be. Before this question is analyzed in full, the 
supply of water should be considered. 
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Figure 6. Estimated demand for irrigation diversions, Jordan River, Basin, Utah. 
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• CHAPTER IV 
THE SUPPLY OF WATER 
Evaluation of resource allocation necessitates con-
sideration of supply as well as demand. Supply, as used 
here, is defined as the functional relationship between the 
incremental or marginal cost of making additional water 
available to a particular class of water users while placing 
lower bounds on other uses. This side of what may be 
defined as a water market is the less controversial one in 
the analysis of water resource developments. It is 
primarily a technological problem with straightforward 
application of engineerin~ cost estimates. 
Resources available for this study did not allow 
development of a new supply model. An existing model 
was employed. If resources were available the develop-
ment of such a model, based primarily on hydrologic 
.interrelationships, would more appropriately be left to a 
hydrologist with advice from an economist, rather than 
the other way around. 
The model used to estimate supply is part of a larger 
model designed to evaluate the costs of inter-basin trans-
fers between ten major hydrologic regions of the State of 
Utah. (See Clyde, King, and Andersen, 1971, and King, 
forthcoming, for a complete discussion of the model 
used.) Only the portion of the larger model pertaining to 
the Jordan River basin is employed here. 
:Discussion of the Model 
The model is an LP problem with non-linear func-
tions approximated by linear segments (for draft-storage 
and reservoir evaporation relationships). The objective 
function is one of cost minimization. The primal problem 
is one of resource allocation: how to allocate water-
related resources (as represented by the activities of the 
model) to move water in time and place to meet specified 
water requirements for the different water uses as cheaply 
as possible. 
The natural flow of water is the basic primary input. 
:Limited amounts of this water can be utilized free; addi-
tional quantities can be used at a cost. Activities of the 
model associated with existing facilities have cost coeffi-
cients reflecting only annual operation and maintenance. 
Costs of activities associated with additional or new devel-
opments reflect the amortized annual cost of the capital 
investment in addition to operation and maintenance 
costs. The major activities and their associated costs are 
listed in Table 5. 
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Table s. Costs of activities in supply model. 
Activity 
Surface Water Distribution 
for M & I: existing 
potential 
for Irrigation: existing 
potential 
,Cost per Acre-Foot 
20.00 
59.00 
.75 a 
5.25 b 
Groundwater Pumping and Distribution 
for M & I: existing 30.00 
potential 49.65 
for Irrigation: existing 2.75a 
potential' 3.00 b 
M & I Wastewater Treatment 
Groundwater Recharge 
Treatment and Recharge 
Additional Storage 
ja Plus $1.00 per acre 
'b Plus $6.00 per acre 
26.00 
17.00 and 23.00 
29.00 and 35.00 
13.00 
Upper bounds are placed on most of the activities 
for present levels as well as estimated possible levels of 
development. The two cost figures associated withre-
charging of groundwater aquifers reflects the estim'ated 
higher costs which would have to be incurred at ~er 
levels of recharge. Although only a single cost figure is 
associated with increased storage capacity, other con-
straints make this an increasing cost activity: higher levels 
of draft require even higher storage requirements. 
The interdependence of the activities as well as 
externalities are reflected in the equations of the model. 
For example only part of irrigation and M & I diversions 
are consumptively used. A significant portion is return 
flow to surface water and groundwater and may be "re-
used" although reuse of M & I return flow requires treat-
ment. 
Competing uses of water include those for M & I, 
irrigation, and wetlands. In the following analysis 
minimum requirements are set on wetland diversions as 
well as basin outflow. Groundwater outflow to the Great 
Salt Lake can be no lower than the estimat,ed present level 
of 8,000 acre-feet per year. (Groundwater outflow· is rela-
tively low because most of the water returns to the sur-
face and enters the Great Salt Lake via the Jordan River.) 
The minimum surface water outflow was set at 
50,000 acre-feet in order to maintain a salt balance in the 
irrigated soil. The total outflow represented in the model 
will actually be greater than this because wetland diver-
sions include use by the Farmington Bay Bird Refuge at 
the southeast corner of the Great Salt Lake. Total wetland 
diversions must be no less than 350,000 acre-feet per year 
which is the amount presently consumed by wetlands and 
wet meadows according to estimates of the Utah Division 
of Water Resources. 
Water available for use includes 513,600 acre-feet of 
surface water and 272,100 acre-feet of groundwater.- In 
addition there is 182,000 acre-feet of imported water: 
71,000 acre-feet from the Weber Basin which is diverted 
into the Provo River; 101,300 from the Uintah Basin 
diverted through the Strawberry aqueduct; and 10,000 
from west of Magna. 
Given these minimum bounds and water avail-
abilities, as well as levels of M & I and irrigation diver-
sions, solution to the problem estimates the least cost 
method of supplying water. Varying a particular diversion 
and again solving the problem determines the change in 
cost of meeting the changed requirement. The dual to this 
problem is one of resource valuation. Its solution will 
estimate the values of the resources and constraints. Para-
metric solutions to the dual will estimate a supply func-
tion. 
The Supply of Irrigation Water 
The relationship between the quantity of irrigation 
water diverted and its cost is a function of the several 
factors previously discussed. M & I diversions may be set 
at a particular level and irrigation diversions varied to 
determine the functional relationship between the 
quantity of irrigation water and its shadow price. If this 
were done at various levels of M & I diversions a series of 
supply functions could be generated. 
These functional relationships can be found most 
readily by parametrically solving the dual (resource valua-
tion) problem. The shadow prices assigned by solution to 
the dual are constant for a given basis. By parametrically 
varying both M & I and irrigation diversions it is possible 
to determine the bases and their associated shadow prices 
at all possible diversion levels of both water uses. The 
shadow prices of irrigation diversions at all feasible levels 
of M & I and irrigation water use are illustrated in Figure 
7. 
The shadow price of irrigation diversions is the 
incremental cost of supplying an additional acre-foot of 
irrigation water. Each area has a constant shadow price 
and represents a basis of the solution. Moving within an 
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area will change the level of activity of one or more 
activities but the number of activities included in the basis 
is constant. The changes in activity will be illustrated by 
changing a single variable at a time. 
With M & I diversions held at the estimated 1965 
level of 302,500 acre-feet (moving along the abscissa in 
Figure 7) some 713,500 acre-feet of water can be supplied 
at a cost of $.75 per acre-foot. Here groundwater pumping 
is needed to supply irrigation water and the cost is $2.75 
until 796,700 acre-feet are supplied and the existing 
capacity of groundwater is reached. Increasing irrigation 
diversions beyond this level result in developing both new 
groundwater (supplied to the groundwater aquifer by the 
return flow from the additional irrigation diversion) and 
surface water at an average cost of $5.19 until 845,000 
acre-feet of irrigation water is diverted and recharge of the 
groundwater basin begins. The cost increases to $5.72 per 
acre-foot at this point. A maximum of 1,131,800 acre-feet 
can be supplied for irrigation as the surface water outflow 
is at its limit there. 
If M & I requirements are held at the level of 
600,000 acre-feet, up to 713,500 acre-feet can economi-
cally be diverted for irrigation at only $.68 per acre-foot. 
The lower cost (compared to $.75) is attributable to the 
value of irrigation return flow to groundwater since this 
offsets the cost of recharge at the higher level of M & I 
diversions. New surface water costs $5.18 per acre-foot 
until 731,500 acre-feet are supplied. Existing groundwater 
is brought into activity together with new surface water 
raising the cost of irrigation diversions to $5.54. At 
846,200 acre-feet wastewater recharge is again necessary 
raising the cost to $5.72 until 894,000 acre-feet are sup-
plied and the limit on surface water outflow is reached. 
If M & I diversions are increased further, the cost of 
supplying irrigation water at below 713,500 acre-feet falls 
more as the limits on groundwater recharge are reached 
and the groundwater return flow increases in value. (This 
will be more clear in discussing the shadow prices of M & I 
water.) 
The Supply of Municipal and Industrial Water 
The shadow prices for M & I diversions at various 
levels of M & I and irrigation diversions are illustrated in 
Figure 8. If irrigation diversions are held at the estimated 
1965 level of 796,700 acre-feet, additional M & I water 
would cost $70.06 as new groundwater is developed. At 
338,400 acre-feet the limit on groundwater outflow is 
reached. Additional M & I diversions are still supplied by 
groundwater but wastewater recharge is necessitated and 
the cost increases to $70.56. A maximum of 721,600 can 
be supplied for M & I uses if irrigation diversions are 
maintained at 796,700. Additional M & I diversions can 
tle made only by reducing irrigation diversions. 
If irrigation diversions are lowered to 400,000 acre-
feet, up to 375,800 acre-feet can be supplied to M & I at a 
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Figure 7. Shadow prices of irrigation diversions at alternative levels of both M & I and irrigation 
diversions. 
cost of $67.56 before wastewater must be recharged. At 
809,800 acre-feet the limit on low cost recharge is 
reached and the cost of supplying M & I water increases 
from $70.56 to $76.56. At 909,800 acre-feet the limit on 
recharge is reached and additional water is supplied from 
surface water development. The shadow price i~ $76.91 
until M & I diversions reach 1,150,200 acre-feet and the 
present surface water storage limit is reached. Increasing 
M & I diversions would cost $139.76 per acre-foot until 
1,161,600 acre-feet are supplied. The storage cost in-
creases the M & I water shadow price to $236.88 through 
a maximum of 1,173,500 acre-feet per year. 
Evaluation of Estimated Supply Functions 
These supply functions should be considered only as 
approximations to the actual costs of supplying water. 
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The results are only as accurate as the assumptions upon 
which they are based. The sensitivity of the results to 
several critical assumptions should be considered. 
Increasing either the basin outflow or wetland re-
quirements shifts the infeasible region closer to the origin. 
Decreasing either would have the opposite effect, as 
would increasing the availability of either surface or 
groundwater. 
Altering an upper bound on a particular activity 
would tend to shift one or more lines separating the areas 
of the two bases. Changing a cost coefficient would raise 
or lower a shadow price but would not change the borders 
of the bases. Generally an increase in a cost coefficient 
would increase the shadow price if it were in the basis and 
if it were directly associated with a supplying activity. In 

l' REFERENCES 
Bagley, Jay M., et at. 1963. Developing a State Water Plan: Utah's 
Water Resources--Problems and Needs, A Challenge. Utah 
State University and Utah Water and Power Board, Salt Lake 
City, Utah. 
Bain, Joe S., Richard E. Caves, and Julius Margolis. 1966. North-
ern California's Water Industry: The Comparative Efficiency 
of Public Enterprise in Developing a Scarce Natural Re-
source. Baltimore: The Johns Hopkins Press. 
Black, Therel R., Jewell J. Rasmussen, and Frank C. Hachman. 
1967. Population Projections; Utah and Utah's Counties. 
Economic and Population Studies, Utah State Planning Pro-
gram, Salt Lake City, Utah. 
Christensen, Rondo A., and Stuart H. Richards. 1969. Price 
Trends for Decision Making in Agriculture, Utah Resources 
Series 49. Utah Agricultural Experiment Station, Logan, 
Utah. 
Clyde, Calvin G., Alton B. King, and Jay C. Andersen. 1971. 
Application of Operations Research Techniques for Alloca-
tion of Water Resources in Utah. PRWG73-2. Utah Water 
Research Laboratory, Utah State University, Logan, Utah. 
Criddle, Wayne D., Karl Harris, and Lyman S. Willardson. 1962. 
Consumptive Use and Water Requirements for Utah. Tech-
nical Publication No.8 (revised). State of Utah, Office of 
State Engineer, Salt Lake City, Utah. 
Daly, R. F., and A. C. Egbert. 1966. A Look Ahead for Food and 
Agriculture. Agricultural Economic Research. Vol. 18, No. 
1, pp. 1-9. 
Dawson, John A. 1957. The Productivity of Water in Agriculture. 
Journal of Farm Economics. Vol. 39, pp. 1244-1252. 
29 
King, Alton B. Forthcoming. Development of Regional Supply 
Functions and a Least-Cost Model for Allocating Water Re-
sources in Utah. A Parametric Linear Programming 
Approach. Ph.D. Dissertation, Utah State University, Logan, 
Utah. 
Pacific Southwest Interagency Committee. 1971a. Great Basin 
Region, Comprehensive Framework Study, Appendix IV, 
Economic Base and Projections. Salt Lake City, Utah. 
Pacific Southwest Inter-Agency Committee. 1971b. Great Basin 
Region, Comprehensive Fram~work Study, Appendix XI, 
Municipal and Industrial Water Supply. Salt Lake City, 
Utah. 
Stewart, J. Ian, and Robert M. Hagan. 1969. Predicting Effects of 
Water Shortage on Crop Yield. Journal of the Irrigation and 
Drainage Division, ASCE, Vol. 95, No. IR1, Proc. Paper 
6443, pp. 91-104. 
U.S. Department of Agriculture, Soil Conservation Service. 1967. 
Irrigation Water Requirements. Technical Release No. 21. 
Washington, D.C. 
U.S. Department of the Interior, Bureau of Reclamation. 1964a, 
Central Utah Project, Initial Phase, Bonneville Unit, Definite 
Plan Report. Salt Lake City, Utah. 
U.S. Department of the Interior, Bureau of Reclamation. 1964b. 
Central Utah Project, Initial Phase, Bonneville Unit, Definite 
Plan Report, Appendix E, Agricultural Economy. 
U.S. Department of the Interior, Bureau of Reclamation. 1964c. 
Central Utah Project, Initial Phase, Bonneville Unit, Definite 
Plan Report, Appendix A, Designs and Estimates. 
U.S. Department of the Interior, Bureau of Reclamation. 1968. 
Bonneville Unit, Central Utah Project. 

